The diverse bennettitalean plant remains from the Rhaetian of Wüstenwelsberg, Franconia, 15 southern Germany, are described by means of macromorphological and epidermal anatomy; the 16 study is part of the ongoing examination of this recently excavated and excellently preserved 17 fossil flora. The taxa identified include four species of Pterophyllum, one species of 18
produce a hollow papilla (Plate V, (3) (4) (5) (6) . 248
249
Measurements: The leaf fragments found at Wüstenwelsberg are up to 100 mm long and up to 250 66 mm wide. Individual leaflets reach up to 31 mm long and 10 mm wide. The rachis is up to 251 2.9 mm wide in its proximal portion. The apical leaflet reaches 9 mm long. 252
253
Remarks: The leaves are regarded conspecific with those reported by Harris (1932b) 
from 254
Jameson Land as Pterophyllum astartense. The leaves agree in all macro-and 255 micromorphological characteristics that are available, not only in the shape of laminae and 256 leaflets, but also in the dimensions and epidermal details including the characteristic papillae on 257 the lower leaflet surface and the transverse wrinkles on the upper side of the rachis. The Jameson 258
Land specimens contain a few leaves that are larger than those in the German material, with 259 longer pinnae (up to 55 mm long), but the majority of the Jameson Land leaves are equal in size 260 to those from Wüstenwelsberg. Moreover, for the Jameson Land specimens, a slightly higher 261 vein density is reported, but this can be surveyed in only one figured specimen. Pterophyllum 262 astartense was apparently endemic to the Rhaetian of Jameson Land; it has not been reported 263 from any of the classic Rhaetian localities that share numerous taxa with the Rhaetian of 264
Jameson Land, such as Scania, the Donets Basin, Alborz or Tonkin (Zeiller, 1903; Stanislavski, However, the description of those specimens and the only one illustrated differ greatly from 269 those reported by Harris (1932b) and those from Wüstenwelsberg; no epidermal anatomy is 270 available from the Canadian specimens and to us, they are not at all conspecific. We, therefore, 271 9 reject the identification of these specimens as Pterophyllum astartense. The specimens from 272
Wüstenwelsberg are, consequently, the only ones found beyond Greenland so far. 273
Whether those specimens reported by Pott and McLoughlin (2009) 
as Pterophyllum 274
irregulare Nathorst from the Rhaetian of Scania are conspecific with Pterophyllum astartense 275 is difficult to ascertain as the material from Scania is very fragmentary and poorly preserved, 276 but it is likely that those specimens constitute the same species. Pott and McLoughlin (2009 ) 277 refrained from assigning the Scanian specimens to Pterophyllum astartense due to slight 278 differences in leaflet width and anticlinal cell wall nature, which is, based on the small sample 279 size, a weak argument. However, we also refrain here from regarding these species conspecific 280
for the same reason and await further material for taxonomic clarification. Kelber 
and Van 281
Konijnenburg-van reported Pterophyllum sp. from the Rhaetian of Heilgersdorf, 282
Bavaria. Their specimen is superficially similar to Pterophyllum astartense, but a more 283 resolved taxonomic assignment could not be made due to the lack of preserved cuticle. arcuate tapering leaflets that in more proximal portions and in slender leaves become triangular. 320
Leaflets are sub-oppositely inserted by their whole basal width lateral to the rachis at angles 321 between 60°-80°. The distal-most leaflets are inserted at more acute angles of c. 40°. The 322 basiscopic margin is convex and the acroscopic margin concave; the leaflet apices are bluntly 323 rounded with a slightly pointed tip directed towards the leaf apex. The leaflet bases are in 324 contact with their neighbours and connected by a 1-2 mm wide laminar wing along the rachis. 325
The venation is parallel and prominent in most specimens; the veins bifurcate when entering 326 the lamina and some bifurcate sporadically again during their course through the lamina. The 327 upper surface of the rachis is commonly smooth, but in some cases characterised by slight 328 transverse wrinkles (Plate II, 1-7). 329
The epidermal anatomy corresponds closely to the description provided by Harris 330 (1932b) . The walls of the rectangular and elongate cells over the veins and of the isodiametric 331 epidermal cells between the veins are characterised by predominantly straight to, in some cases, 332 faintly sinuous anticlinal cell walls. Stomata are confined to the lower surface and of the 333 brachyparacytic type. They are randomly scattered in the intercostal fields and commonly 334 oriented irregularly. Hair cells have not been observed (Plate V, 7, 8) . 335
336
Measurements: Preserved portions of leaves are up to 64.5 mm long and 34.5 mm wide. 337
Leaflets reach 19-20 mm in length and are 8-10 mm wide basally. The thin rachis retains its 338 width along the whole preserved portion and is 2.0-2.5 mm wide. 339
11

340
Remarks: The specimens from Wüstenwelsberg are all incomplete, but correspond well to 341 those reported by Harris (1932b) from Jameson Land. The specimens even agree in all 342 epidermal details provided by Harris (1932b) . The laminar wing along the rachis and their 343 straight anticlinal cell walls distinguish them from Anomozamites hartzii, some specimens of 344 which appear superficially very similar in macroscopic outline. Those specimens are also 345 similar to Anomozamites triangularis from the Rhaetian of Scania (Pott and McLoughlin, 346 2009), but the latter are distinguished by the more acute basiscopic angle, the more pointed 347 leaflet apices, the basally diverging veins and the characteristic laminar wing along the rachis. 348
We regard the identification of the specimens assigned to Pterophyllum pinnatifidum by 349 fig. 4 ; pl.13, fig. 3 ; text- fig.  368 
23A-E. 369 370
Description: A few specimens have been found that are assigned to Pterophyllum kochii. These 371 specimens yield portions of leaves with segmented laminae, whose densely arranged leaflets 372 are generally straight and parallel-sided, but slightly arcuate in the distal portion of the leaf, 373 free up to the base and not decurrent, and each is terminated by an evenly rounded apex. The 374 leaflets are inserted at almost right angles laterally to the upper side of the thin rachis leaving 375 its middle portion free. Leaflets are equally broad in the preserved portions and arranged sub-376 oppositely. Venation is parallel; the veins bifurcate after entering the leaflet and then proceed 377 straight to the leaflet apex; rare additional bifurcations seem to be present; vein density in the 378 middle of the leaflets is about 20-24 veins per cm (Plate I, 8, 9) . To our knowledge, Pterophyllum kochii has so far been reported from Jameson Land only. The 396 specimens assigned to this species by Lundblad (1950) unequivocally based on their epidermal anatomy. The specimens show the proximal portion of 496 a leaf with an entire-margined lamina that is laterally inserted on a prominent rachis. The 497 lamina tapers towards the basal end of the leaf, being asymmetrically terminated basally (i.e., 498 on one side ending 2 mm more proximal than on the other side). The margin is slightly and 499 irregularly wavy, which conforms to the specimens figured by Harris (1932b) . The smooth 500 rachis retains its width in the preserved portion; venation is not readily discernible, but appears 501 parallel, with veins entering at right angles (Plate III, 1, 2). 502
The epidermal anatomy corresponds exactly to that described by Harris (1932b) appears quite a high number. The cuticle of one specimen (UU23318) matches the species 521 described here, but it is only a small leaf fragment; hence its attribution to Nilssoniopteris cf. 522
Nilssoniopteris jourdyi. Among the unassigned specimens, there may be a few more 523 attributable to Nilssoniopteris jourdyi, but the species is comparatively rare in Wüstenwelsberg; 524 the same is true for the Jameson Land assemblages. However, Nilssoniopteris jourdyi was 525 apparently more common and more extensively distributed in Rhaetian-Hettangian floras 526 further to the east (Zeiller, 1886 (Zeiller, , 1903 Prynada, 1934; Wu, 1982a Wu, , 1982b ; Kimura and Tsujii, 527 1983). A species with particularly close resemblance to Nilssoniopteris jourdyi has been 528 reported from Shaoqiao, Hunan Province, PR China, as Nilssoniopteris xuiana by Zhou (1989) . 529
It is distinguished from Nilssoniopteris jourdyi by its smooth midrib and the scattered 530 trichomes on both cuticles (Zhou, 1989) . This is notable as Nilssoniopteris jourdyi has not been 531 Nilssoniopteris ajorpokensis (Harris, 1932b lamina that is inserted laterally on a very prominent rachis. The lamina margin is almost 548 straight with very faint, irregular indentions. It tapers gradually from the upper middle portion 549 of the leaf to the base. The apex is rather abruptly and bluntly rounded, and, according to Harris 550 (1932b), the apex is characterised by a tiny spine that is an extension of the rachis. The latter is 551 transversely wrinkled and retains its width during almost its entire course, only tapering 552 apically. Venation is regular; veins enter the lamina at angles of 80°-85° and proceed, after 553 basal bifurcation, straight to the margin; sparse marginal bifurcations may occur. The vein 554 density is about 10-13 per cm in the specimens from Wüstenwelsberg (Plate III, 3-7). 555
The epidermal anatomy is identical with that described and illustrated by Harris (1932b) however, display a width of up to 58.9 mm in more distal leaf portions. The rachis may be 568 widened in the (presumed) central portions of leaves up to 4.7 mm; in proximal and distal leaf 569 portions, the rachis narrows down to usually 2.3-3.6 mm wide. 570
571
Remarks: The specimens conform well to those reported by Harris (1932b) 
from Jameson 572
Land, not only in macromorphology and dimensions, but also in diagnostic details of the 573 epidermal anatomy. Therefore, we regard the specimens from Wüstenwelsberg as conspecific. 574
In Jameson Land, Nilssoniopteris ajorpokensis is abundant (dominant) in one bed (Harris, 575 1932b Description: The sterile leaves are small, slender and regularly pari-pinnate; segmentation is 631 more pronounced in the median and apical portions of the leaves, the proximal part is usually 632 entire-margined. The leaves possess a short petiole, and are narrow and linear to lanceolate; the 633 lamina is tapered slightly towards the apex and petiole. The leaflets are oppositely to sub-634 oppositely positioned, densely arranged and free up to the rachis; they are inserted by their 635 whole basal width laterally to the rachis at angles of 70°-80° and are more or less falcate with 636 the acroscopic margin slightly concave and the basiscopic strongly convex. Leaflet apices are 637 rounded, bases are usually not expanded; short leaflets are quadrate with rounded apices. The 638 slender rachis has transverse wrinkles in some cases. Up to 15 parallel veins enter each leaflet 639 and run straight to the apex; the veins usually fork no more than once in the basal part of the 640
leaflet (Plate IV, 1-4). 641
The hypostomatic leaves show distinct costal and intercostal fields on the abaxial, but Jameson Land, Greenland (see Harris, 1932b) , and Wüstenwelsberg, Bavaria, Germany. Bennettistemon, to which the original specimens from Jameson Land were assigned, lacks any 735 clear affiliation of its 'species' except for "microsporophylls which can be referred to 736
Bennettitales, but which are imperfectly known" (Harris, 1932b, p. 98) . Bennettistemon 737 bursigerum is no longer 'imperfectly known' and, consequently, the new specimens 738 wrinkled. The number of axes is not unambiguously determinable, but some specimens have at 785 least ten. The axes originate from a petiole that has a similar surface structure, and they diverge 786 at low angles, forming a steep conical shape. Each of the axes carries two rows of semi-circular 787 pollen sacs over its full length. The pollen sacs consist of two valves that are adnate in their 788 lower (basal) half, but separate along the margin in the rounded area. The pollen sacs are 789 attached laterally to the axes by their full width and then bent perpendicularly to the axis 790 towards the centre of the reproductive structure (Plate IV, 8-11, Figure 2) . 791
The cuticle of the pollen sacs can be differentiated as deriving from the upper and lower 792 epidermis. We here interpret the more robust one as the outer (lower) cuticle that protects the 793 whole structure, and the delicate one as the inner (upper) and cuticular features were observed on either cuticle. Cuticles from the axes of the 818 reproductive structure are poorly preserved; small portions suggest that the epidermis was of a 819 similar organisation and structure as the lower epidermis of the pollen sacs (Plate VII, 9-11). 820
Harris (1932b) mentioned sporangia that he identified within the capsules (here 821 interpreted as pollen sacs), which were lined by a granular, non-cellular cuticle. Here, we have 822 no evidence of such sporangia, but, in every cuticle preparation made from the pollen sacs, 823 such a granular, non-cellular cuticle appeared, although it was impossible to recognise any 824 structure in the appearance of this very thin cuticle. 'outer cuticle' by Harris (1932b) agrees with the one we also regard as the outer cuticle. Harris 843 (1932b) also found small spores (pollen) with smooth walls and a longitudinal fold or slit. The 844 specimens from Wüstenwelsberg now clarify the entire structure of the pollen organ or 845 microsporophyll (Harris, 1932b) ; in addition, they expand our knowledge of the species to such 846 an extent that we consider that they can no longer be accommodated in Bennettistemon and 847 require assignment to a new genus. We have chosen to name it Welsbergia after the quarry of 848
Wüstenwelsberg and the species is consequently named Welsbergia bursigera. foliage. Therefore, the following hypothesis, even if being a very intriguing question, is at 875 present hard to verify, but hopefully will stimulate further discussion. 876
The epidermal architecture of Welsbergia bursigera is more similar to that of the bracts 877 and sterile leaves of Wielandiella angustifolia than to that of Pterophyllum aequale, the foliage 878 type with which Welsbergia bursigera is always confidently associated in several localities. 879
Pterophyllum aequale is distinguished from foliage of Wielandiella angustifolia by the shape 880 and outline of its leaflets, as well as by the shape of the epidermal and the guard cells (Table I ; 881 see Pott and McLoughlin, 2009 ). However, in some cases, identification based on 882 27 macromorphology failed and a cuticle sample was necessary to prove the identification, 883 implying a very close relationship between the two foliage types. 884
Due to these facts, the question arose whether a plant bearing Pterophyllum aequale 885 foliage and Welsbergia bursigera microsporangia could be the male plant of a species of which 886 Wielandiella angustifolia is the female plant, despite the mentioned differences displayed in the 887 two types of foliage. This would include a sexual dimorphism in male and female plants that is 888 not restricted to the reproductive structures alone, but also involving other plant organs, in this 889 case, sterile foliage. This can, however, not be verified and we are not aware of any example in 890 modern day flora where dioecious plants display a sexual dimorphism that involves more plant 891 organs than the reproductive structures alone. Sterile leaves of male and female plants in the 892 earlier mentioned Ginkgo biloba tree, in dioecious yews and junipers, as well as in all cycads 893 are, for example, not distinguishable. 894
In fact, habitat-or location-related environmental influences or factors have usually a 895 much higher impact on leaf shape and structure (such as, e.g., sunny or shady habitats, altitude, 896 physiological drought, etc.) than any other factors (Parkhurst and Loucks, 1979 ; Napp-Zinn, 897 1988). The differences in the epidermal and cuticular anatomy of both species may indicate 898 this. Leaves and microsporophylls of the Pterophyllum aequale plant have never been found 899 intermixed with leaves of the Wielandiella plant, which indicates that both plants were not 900 growing at the same locations, probably experiencing different environmental influences that 901 may cause different leaf shapes and structures, but may not affect the reproductive structures. 902
This fact would also lead to a discussion of a potential pollinator (wind versus animal) 903 favouring wind-pollination for Wielandiella angustifolia; in contrast, gland-like structures on 904 the immature ovulate organs of the latter, for example, have recently been interpreted as 905 substance-producing to attract animal pollinators . 906
It has earlier been argued that most members of the Williamsoniaceae had their micro-907 and macrosporangia in separate reproductive organs, either on the same plant or on different 908 plants (Schuster, 1911; Harris, 1932b Harris, , 1969 Crane, 1988 Northern Hemisphere (see also Figure 3 ). The colour scheme indicates shared taxa in the 1459 different floras. 1460
